The fishery for the brown shrimp (Crangon crangon) on the coast of Germany (Lower Saxony) produces a rich food source for ship-following seabirds. Large quantities of discarded fish and invertebrates attract flocks of gulls and terns. Between March 1993 and August 1994 the number and species composition of birds following two shrimp trawlers were determined. The main scavengers were herring gull (Larus argentatus) and black-headed gull (L. ridibundus). Common gull (L. canus), lesser black-backed gull (L. fuscus), great black-backed gull (L. marinus), and common/arctic tern (Sterna hirundo/paradisaea) were less numerous. The distribution of scavenging seabirds behind the shrimp trawlers showed a marked species-specific seasonal and spatial pattern. The scavenging behaviour of seabirds feeding on discards was studied by means of experimental discarding. Of 10 356 items offered, 8253 were picked up by the birds, and in 8072 of these the consuming bird was identified. Herring gulls were most successful. Although this species represents only 45% of all birds counted, they took 82% of the total number of items consumed. In total, ship-following seabirds consumed 41% of the offered mass of flatfish, 79% of the roundfish, and 23% of four invertebrate species. In feeding experiments birds consumed 10% of undersized shrimps. Applying these consumption rates and bioenergetic data to the total quantity of discarded biota, approximately 90 000 seabirds may be supported by this source throughout the entire fishing season (April-November 1993). Potentially, the discards of the shrimp trawler fleet of Lower Saxony were sufficient to meet the energy demand of 60 000 birds for the whole year. The results suggest that discards may have strong effects on the bird populations and the ecosystem of the Wadden Sea.
Introduction
Recent studies have shown that several species of scavenging seabirds follow fishing vessels all over the North Sea (Camphuysen et al., 1993 (Camphuysen et al., , 1995 Garthe et al., 1996) . The birds are attracted by large quantities of discards and offal made available by the fishing fleet and the number and distribution patterns of scavenging seabirds and their seasonal consumption of fishery waste are relatively well known (Camphuysen et al., 1995) .
Although there are several older references to discards as part of the diet of gulls in the German Wadden Sea (Leege, 1917; Meijering, 1954; Goethe, 1956; Ehlert, 1961; Kock, 1974) , their importance was neglected for a long time compared with the attention given to other sources of scavenged food, e.g. refuse tips (Spaans, 1971; Mudge and Ferns, 1982; Lü ttringhaus and VaukHentzelt, 1983) . For this reason, our knowledge about seabirds following inshore fisheries like the shrimp trawlers of the Wadden Sea is still insufficient. In recent years, studies by Berghahn and Rö sner (1992) and Walter and Becker (1994) have demonstrated that up to 3000 birds may be found astern of a shrimp trawler.
Fishing for the brown shrimp (Crangon crangon) is carried out by 118 vessels in Lower Saxony (Prawitt, 1995) . These trawlers are equipped with two beam trawls (ca. 8 m width) and fine-meshed nets (mesh size 11 mm in the codend). Consequently, a large number of by-catch organisms are caught, mainly juvenile fish and benthic invertebrates. After sorting the catch, all unwanted organisms are discarded. Walter (in press) estimated a total discard quantity of more than 30 000 t for the shrimp trawler fleet of Lower Saxony in 1993 (April-November), consisting of 27 600 t of undersized shrimps, 4000 t of fish (1700 t flatfish and 2300 t roundfish), and 2100 t of invertebrates other than shrimps. By-catch mortality after sorting is close to 100% for roundfish such as clupeids, e.g. herring (Clupea harengus) and sprat (Sprattus sprattus); gadoids, e.g. whiting (Merlangius merlangus), cod (Gadus morhua), bib (Trisopterus luscus); and smelts (Osmerus eperlanus) . However, mortality of flatfish such as plaice (Pleuronectes platessa), flounder (Platichthys flesus), sole (Solea solea), and dab (Limanda limanda) varies between 17% and 100%. Large numbers of moribund and damaged fish floating on the sea surface or unable to escape fast enough are preyed upon by gulls and terns. Feeding rates on smelts and whiting are high (68-90% by number; Berghahn and Rö sner 1992), but reliable estimates of consumption on other discarded items are not available.
In this investigation, we study the seasonal distribution of ship-following seabirds in the Wadden Sea and their total consumption of discarded organisms. The number of scavenging seabirds supported by the discards of the shrimp trawler fleet of Lower Saxony is also calculated.
Methods
The study was carried out in 1993 and 1994 in the East Frisian Wadden Sea area (Fig. 1) . One observer accompanied 70 commercial trips of two shrimp trawlers, 38 in 1993 (March-November) and 32 in 1994 (April-August). The total number of seabirds assembling close to the trawler and the number of each species were counted on 1242 occasions. The position of the ship was determined using a Global Positioning System. The positions of 229 seabird counts in July-August 1993 and August 1994 are shown in Fig. 1 .
In order to assess the proportion of the discards consumed by the birds, 157 discard experiments were carried out on 43 cruises using the method of Hudson and Furness (1988) . Samples of fish and benthic invertebrates were taken from the hauls, identified and measured to the nearest 0.5 cm and subsequently thrown overboard one by one. Each experiment was carried out during routine discarding activities of the ship, when a steady flow of by-catch organisms (larger ones from the coarse upper sieve and small fish and mainly undersized shrimps from the lower fine-meshed sieve) was washed off the deck and made available to the birds. An experiment took an average of 9 4 min and 53 26 fish or invertebrates were thrown overboard in that time. The fate of the experimentally discarded items was recorded on tape, and the consuming bird species noted. At the end of each experiment the number of birds of each species was counted. A success index was calculated as the percentage of discards swallowed by a specific bird species, divided by the percentage of this species of all seabirds present during the experiment.
Size-specific consumption rates (% of number) were investigated. Based on the species and size composition of 103 trawl samples, the total quantities of all items discarded by the shrimp trawler fleet of Lower Saxony from April to November 1993 were estimated (Walter, in press) . These, in turn, were used in converting numerical consumption rates into discard mass consumed by seabirds.
A different approach was used to determine feeding rates on undersized shrimps, given that these small organisms were lost from sight very easily during normal discard experiments. Feeding experiments with a known number of undersized shrimps were conducted only after routine discarding, and were recorded on video. Peck rates and swallowing rates were counted on these video sequences and individual birds were followed with binoculars during routine discarding to count feeding rates on shrimps.
Data on the total quantities of discards from the shrimp trawler fleet of Lower Saxony (Walter, in press) were used to make a crude estimation of the total number of birds which could be sustained by this food source. The following energy equivalents of discarded components, derived from published figures, were used in this study: roundfish 5.5 kJ g 1 (owing to the large portion of clupeids), flatfish 4 kJ g 1 , shrimps 4.3 kJ g 1 , and other invertebrates 3 kJ g 1 (Cummins and Wuychek 1971; Wiens and Scott, 1975; Harris and Hislop, 1978; Montevecchi et al., 1984; Rumohr et al., 1987; Furness et al., 1988; Massias and Becker, 1990; Hislop et al., 1991; Camphuysen et al., 1993; Zwarts and Wannink, 1993) . The following further assumptions on the energy demand of a seabird were made: (1) the field metabolic rate (FMR) is three times the basal metabolic rate (BMR) (Camphuysen et al., 1993) ; (2) the daily BMR data for North Sea birds were derived from the equation of Bryant and Furness (1995) : BMR (kj d 1 )=2.3 (body mass) 0.774 ; and (3) assimilation efficiency=80% (Camphuysen et al., 1993) .
Results

Seasonal and spatial distribution patterns
Herring gulls and black-headed gulls occurred in large numbers behind the shrimp trawlers in the Wadden Sea; they represent 93% of all recorded scavengers (Table 1) . Until June, their numbers were lowest (Fig. 2a, b) . From July to September, herring gull and black-headed gull numbers were significantly larger than in spring (Nemenyi test), decreasing in late autumn again. Peak numbers of 930 and 1600, respectively, were observed in August/September. Common gulls (Fig. 2c ) occurred throughout the fishing season, but substantial numbers were recorded only in March and in autumn (maximum 400 in November). Lesser black-backed gulls ( Fig. 2d ) and common/arctic terns ( Fig. 2f) are summer visitors and they occurred in relatively low numbers between April and September (maximum 250 and 110, respectively). Great black-backed gulls ( Fig. 2e) were scarce until July, with slightly larger numbers in late summer and autumn (maximum 45).
The local distribution of the scavenging seabird species showed marked differences ( Fig. 3) . Lesser blackbacked gulls were recorded in larger numbers (>50) only outside the Wadden Sea proper, north of the East Frisian islands. North of the inshore/offshore boundary ( Fig. 3a) , a significantly higher number of birds was observed than south of this (Mann-Whitney test, p<0.001). Great black-backed gulls showed a similar distribution pattern, but some of them entered the Jade further south. The other extreme is represented by the black-headed gull (Fig. 3b ). This species occurred in large numbers (>300) at the stern of shrimp trawlers only in the Wadden Sea or close to the tidal inlet between Spiekeroog and Langeoog. In the Wadden Sea area, the numbers were significantly larger than in the offshore area (p<0.001), where the species occurred less frequently and in smaller numbers. Common gulls and common/arctic terns showed the same local distribution pattern as black-headed gulls. Herring gulls were frequent and numerous scavengers in inshore waters of the Wadden Sea and the Otzumer Balje as well as in offshore areas, and showed no significant preferences for some areas over others (Fig. 3c) .
Discard experiments
A total of 10 356 items of fish, and benthic invertebrate were discarded during the discard experiments; 7668 specimens of 26 roundfish species (74%), 2042 flatfish of eight species (20%), and 646 (6%) discards of nine invertebrate species were offered. Four fish species (herring, smelt, whiting, and plaice) represent 65% of the discarded items. Of these, 1362 items (13%) escaped or sank, and the fate of 741 cases (7%) was unknown. Of 8253 single organisms picked up by the birds, the ultimate consumer was observed in 8072 cases. Most of the consumed discards were seized by herring gulls (82%). Great black-backed gulls (0.1%), common gulls (3%), and common/arctic terns (2%) obtained discards in proportion to their numerical abundance (Table 1) . Lesser black-backed gulls (4%) swallowed twice as many discards relative to their number present. Black-headed gulls obtained proportionally fewer discards (9%) than expected by their abundance. Success indices revealed that individual herring gulls were significantly more successful than any other species (Nemenyi test, p<0.001; Fig. 4) . Discard experiments showed that seabirds select discards according to the length or width of the discard components. For several discard species, the median length of consumed fish was significantly smaller than that of the specimens escaping, but not for sprats (Sprattus sprattus) (Mann-Whitney test). Lengthspecific consumption rates (Fig. 5 ) of discarded roundfish and flatfish showed that the chances of being swallowed decrease with increasing size of the discards. The proportion of consumed roundfish was relatively stable at ca. 80% by number. Even half of the largest roundfish offered (>26 cm) were swallowed. Consumption rates of flatfish showed a steady decline with increasing length to less than 40% for the largest flatfish. Length-or width-specific consumption rates of four discarded invertebrate species were determined ( Table 2 ). The median sizes of selected roundfish (11.5 cm) and flatfish (11 cm) offered in the discard experiments were larger compared with catch samples (9 cm and 7 cm, respectively). Potential bias in the estimation of consumption was avoided by converting the consumption rates of certain size classes (by numbers) into mass, based on the actual composition of discards in catch samples. In total, 41% of the discarded flatfish mass, 79% of roundfish, and 23% of four invertebrates were consumed by scavenging seabirds (Fig. 6 ). This represents a total of ca. 3000 t of discards by the shrimp trawler fleet in Lower Saxony.
Large numbers of scavenging black-headed gulls (45% of all birds counted; Table 1 ) and their small share (less than 9%) of all consumed discarded fishes and invertebrates suggested that the smaller gulls may feed on undersized shrimps. Observations of individual birds, during routine discarding situations, show mean swallowing rates of 1.3 shrimps min 1 for black-headed gulls (98 birds observed) and 0.4 min 1 for herring gulls (110 birds). Applying these rates to three discard experiments, carried out with a known number of undersized shrimps, reveals that 6-14% (mean 9.8%) of the total number of discarded shrimps were consumed by scavenging seabirds (Table 3) , corresponding to an overall consumption of roughly 2500 t of shrimps per year ( Fig. 6 and Table 2 ).
Number of seabirds sustained by shrimp trawler discards
From the total quantity of ca. 33 000 t of discards from the shrimp trawler fleet of Lower Saxony from AprilNovember 1993 (Walter, in press) , an estimated total of 5 500 t were consumed by scavenging seabirds. This discard mass represents an energy value of 25 10 9 kJ (Fig. 6) .
Data on body masses of species of seabirds range from 0.12 kg for the common tern to 1.6 kg for the great black-backed gull (Glutz von Blotzheim, 1982a, b) . Applying these data and the given formulae for the energy requirements of seabirds (see above) allows daily energy demands of 360-2600 kJ to be calculated. Weighting these energy demands of the species against their relative frequency in all counts (Table 1) , amounts to an average energy intake of a ''model'' scavenging seabird in the Wadden Sea of 1145 kJ d 1 and 418 100 kJ yr 1 . These calculations result in a potential number of 60 000 birds being supported by shrimp trawler discards in Lower Saxony per year, or 90 000 birds during the 8 months of the fishing season in 1993 (Fig. 6 ).
Discussion
In contrast to the situation in the open North Sea, where six of eight bird species are common scavengers behind fish trawlers (Camphuysen et al., 1993 (Camphuysen et al., , 1995 , the species composition of scavenging seabirds in inshore areas is simple. In the Wadden Sea flocks of ship-following birds were dominated for the whole fishing season by only two species, the herring gull and the black-headed gull. The former is a coastal species that is mainly found within 10 km of the coast (Camphuysen, 1993a, b) . The latter species is typically an inland bird that has been breeding in the German Wadden Sea since the 1940s (Bezzel, 1985) , and where it is now a frequent inshore scavenger. Therefore, our results do not support the view of Furness (1992) that scavenging behind fishing boats may be insignificant for black-headed gulls.
In spring, herring gulls were the most abundant species behind shrimp trawlers, reaching maximum numbers at the end of the breeding season in July and August. In autumn, the number of scavenging herring gulls decreased in the Wadden Sea, while their numbers increased in the North Sea (Camphuysen et al., 1995) . The spatial distribution of herring gulls revealed no preference for inshore or offshore areas. In late summer and autumn black-headed gulls were temporarily most numerous, having a restricted distribution in the Wadden Sea. Other species, such as lesser black-backed gull and great black-backed gull, which are frequent scavengers further off the coast (Camphuysen, 1993a, b) , occurred mainly outside the Wadden Sea. These species were abundant only in summer (lesser black-backed gull) or autumn in the Wadden Sea (great black-backed gull). The distribution of common gulls and common/ arctic terns resembled the spatial pattern of blackheaded gulls, but common gulls were abundant astern of shrimp trawlers only in colder seasons and the terns only in the summer months. Overall, seasonal fluctuations and spatial distribution of scavenging seabirds in the coastal area of Lower Saxony correspond with the results of Camphuysen and Leopold (1994) on the occurrence and distribution of seabirds in the southern North Sea.
Discard experiments were conducted following the method used by Hudson and Furness (1988) . On a commercial shrimper a water flushed sieve separates both large and small-sized individuals of the by-catch species from the fraction of the commercial shrimps. The larger fish relative to their abundance in the catch were collected and offered to the birds. In order to solve this problem, the size-specific consumption rates were applied to a catch of known composition (103 samples). The difference between the original and the reduced data set provided an unbiased figure of consumed discard mass. The Hudson and Furness (1988) method of discarding proved to be unsuitable for the largest group of discards, namely the undersized shrimps (because of their small size). The large numbers of black-headed gulls present at shrimp trawlers and their low success rates on fish and larger invertebrates during discard experiments, indicate that undersized shrimps may play a more important role for small gulls than other discard components. Although our calculation of the consumed proportion of small shrimps may be crude, our results confirm this.
Owing to the smaller size of the majority of by-catch organisms, some of the consumption rates of birds at the stern of a trawler are higher than those reported in other studies, especially those on flatfish and benthic invertebrates (Table 3) . Discard experiments revealed the dominant position of herring gulls in the hierarchy of the seabird community, although there were no signs of aggressive competition between herring and lesser black-backed gull behind shrimp trawlers.
The estimated number of birds potentially supported by shrimp trawler discards is conservative because we used the lowest estimated quantity of total discards (Walter, in press ), and consumption rates were based only on freshly caught by-catch organisms. In contrast to discard experiments carried out from research vessels (Camphuysen et al., 1995) , the discarding practice and rates on a commercial shrimp trawler allowed a more realistic assessment to be made of seabird selection of discarded organisms. Consequently, our results serve as a rough indication at least of the extent to which seabirds rely on shrimper discards.
The shrimp fishery of Lower Saxony produces large amounts of discards, potentially supporting 60 000 scavenging birds for the whole year. The catch of this fleet, however, represents only one-fifth of all landings of shrimps from the coastal area of The Netherlands, Germany, and Denmark (annual mean total landings of 20 000 t between 1983 and 1992; Lozán, 1994) . The estimated quantity of discards from other fisheries is 789 000 t and the number of birds theoretically sustained by this type of food is 5.9 million individuals (Garthe et al., 1996) . While only 1% of this figure can be supported in the Wadden Sea area of Lower Saxony, discards are proportionally more important given the number of breeding birds of the scavenging species in the same area (150 000 individuals; Sü dbeck and Hälterlein, 1995) . The intense use of shrimp trawler discards suggests that they are an important food source for coastal seabirds especially during the breeding period, as was demonstrated for herring and lesser back-backed gulls in The Netherlands (Spaans, 1971; Noordhuis and Spaans, 1992) , and also during migration, as in black-headed and common gulls.
